INTRODUCTION
oxidation from radicals, even at low concentration, compared to that of oxidized substrates (Yan and Liu, 2006) . Because of the multifaceted mechanisms of combating oxidative species (Yan and Liu, 2006) , regular intake of dietary antioxidants is recommended to synergize the action of endogenous antioxidants.
A diet rich in green vegetables has been linked to reduced incidence of chronic diseases due to their high content of antioxidant compounds (Lu and Foo, 2000) . Green leafy vegetables are relatively aff ordable, are present in traditional Nigerian cooking and are readily available, as they grow as weeds around households, gardens and farms in Nigeria. Green leafy vegetables indigenous to Africa have been reported to have health-promoting properties (Opabode and Adebooye, 2005) . They are sources of dietary fi bre, proteins, minerals, vitamins and essential amino acids, and are low in calories (Muhammad and Shinkafi , 2014) . They have been documented to provide 80% of vitamin A in diets (Kwenin et al., 2011 ). An increased intake of vegetables has been reported to be an effective strategy to reduce calorie intake and improve health-related quality of life (Blatt et al., 2011) .
Scent leaf (Ocimum gratissimum) belongs to the plant family of Labiatae. It is a vegetable widely used in cooking and medicine (Ighodaro et al., 2010) . Scent leaves are usually consumed as cooked soup. Bitter leaf (Vernonia amygdalina), from the plant family of Asteraceae, is widely found in markets and planted in home gardens. The leaves are bitter and the bitterness is reduced after boiling. African spinach (Amaranthus hybridus) is a perennial vegetable with an edible stem and leaves. There are pink, deep red and green varieties. The green varieties of the vegetable are grown in Nigerian farms, while other colour varieties are planted for decoration in North America. Water leaf (Talinum triangulare), from the family Portulacaeae, is scientifi cally classifi ed as a weed. The vegetable grows quickly and has a short life cycle, and is easily propagated by seeds. Talinum triangulare have appreciable mineral and amino acid contents. Jute leaf (Corchorus olitorius) is part of the Malvaceae family and is the primary source of jute fi bre. Corchorus species are a good source of nutrients and antioxidant vitamins.
The search for new plant sources of antioxidants has intensifi ed immensely in recent years. In Nigeria, especially in the southern part of the country, the native home of Yoruba and Igbo ethnic groups, these vegetables grow as weeds, can be procured at cheaper price in the markets, and are consumed as part staple diet. In this study, we assessed and compared the antioxidant properties and phenolic contents of African spinach, bitter leaf, jute leaf, scent leaf and water leaf.
MATERIAL AND METHODS

Chemicals
Gallic acid, Quercertin, Ammonium phosphomolybdate, Folin reagent, and DPPH were obtained from Sigma Aldrich, USA. Ascorbic acid, Sodium carbonate, and Aluminium Chloride were from BDH, India. Other chemicals and reagents were of analytical grade. 
Plant collection
Sample extract preparation
The leaves were washed, air dried within three hours, and blended freshly with Nakkai MX320. The blended fresh leaves (0.5 grams) were extracted by soaking in 100 mL of 80% Methanol for 48 hours. The solutions were centrifuged at 5000 rpm for 15 minutes and the supernatants were stored at 4°C prior to in vitro antioxidant assays.
Determination of total phenolic content
The total phenolic content (TPC) was determined using the spectrophotometric method (Singleton et al., 1999) with the use of Folin-Ciocalteu's phenol reagent at 750 nm. Total phenolic content was determined using gallic acid as standard. The TPC was expressed as gallic acid equivalents (GAE) [mg/100 g of fresh sample].
Estimation of total fl avonoid content
The amount of total fl avonoid content (TFC) was determined using the aluminium chloride spectrophoto-grown in Southern Nigeria. Acta Sci. Pol. Technol. Aliment., 15(4), 391-397. DOI: 10.17306/J. AFS.2016.4.37 www.food.actapol.net/ metric method at 415 nm (Chang et al., 2002) . The fl avonoid content was expressed in terms of quercetin equivalent [mg/100 g of fresh sample].
Anthocyanin contents
The anthocyanin content (ACC) was evaluated using the pH diff erential method (Lim et al., 2012) . The results were calculated as cyanidin-3-glucoside equivalents [CGE mg/100 g] of sample fresh weight (FW).
Phosphomolybdate assay (total antioxidant capacity)
The total antioxidant capacity was determined using the phosphomolybdate method, using ascorbic acid as a standard at 765 nm. (Umamaheswari and Chatterjee, 2008) . Then, the EC 50 of antioxidant capacity was extrapolated from an activity [%] vs. concentration graph. DPPH (2,2'-diphenyl-1-picrylhydrazyl) radical scavenging profi le DPPH radical scavenging assay was performed using the spectrophotometric method at 517 nm as described by Brand-Williams et al. (1995) . The positive control used was ascorbic acid at 50-500 μg/mL. The EC 50 of DPPH scavenging activity was extrapolated from an activity [%] vs. concentration graph.
Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activities of the samples were determined using the spectrophotometric method at 510 nm (Smirnoff and Cumbes, 1989) . Ascorbic acid was used as a positive control. The EC 50 of hydroxyl radical scavenging activity was extrapolated from an activity [%] vs. concentration graph
Statistical analysis
All experiments were performed in triplicate. Statistical analyses and graphs were plotted using Graphpad prism 6.04 (GraphPad Software Inc) and SPSS 22.0 (IBM corporation). Signifi cant diff erences between samples were analysed using One-way ANOVA at p < 0.05. Phytochemical and antioxidant parameters obtained were subjected to principal component analysis (PCA) to explore the relationship between different variables and samples. Eigen value (Loadings) > |0.6| indicates a signifi cant correlation between the original variables and extracted components. One-way ANOVA and PCA were carried out using SPSS 22.0. Table 1 presents the total phenolic (TPC), total fl avonoid (TFC) and total anthocyanin (ACC) content of the vegetables. Scent leaf had the highest TPC (1464.63 ±7.90 GAE mg/100 g), exceeding the values in water leaf, jute leaf, bitter leaf, and African spinach by 5.38%, 24.37%, 41.60% and 49.56% respectively. Phenolic compounds are considered secondary metabolites and these phytochemical compounds, derived from phenylalanine and tyrosine, occur ubiquitously in plants. The phenolic content of jute leaf (C. olitorius) observed in this study corroborates with those obtained in other Corchorus species in previous studies (Ademiluyi et al., 2015; Katerere et al., 2012) . Flavonoids and their derivatives are a group of polyphenols that are present naturally in food and medicinal plants, and are known for their antioxidant or free radical scavenging properties (Kar, 2007; Nunes et al., 2012) . Over four thousand fl avonoids are known to exist and some of them are pigments in higher plants. Quercetin, kaempferol and quercitrin are common fl avonoids present in nearly 70% of plants (Kar, 2007) . The total fl avonoid content (TFC) content was found to be high in water leaf, then followed respectively by; jute leaf > scent leaf > African spinach > bitter leaf. Total anthocyanin content (ACC) decreased in the following order; African spinach > water leaf > jute leaf > bitter leaf > scent leaf.
RESULTS AND DISCUSSION
Scent leaf has high DPPH radical scavenging activity (74.64 ±7.73 μg/mL) compared to L-ascorbic acid (89.03 ±14.82 μg/mL), while the others, in decreasing order of activity, are; jute leaf > water leaf > bitter leaf > African spinach (Table 2, Fig. 1 ). The DPPH scavenging assays explain the possible ways by which antioxidants could help to reduce biological free radicals. Oil extracted from scent leaf has been reported to have potent antioxidant activity (Chanda et al., 2011) . The EC 50 of the DPPH scavenging eff ect of scent leaf (Ocimum gratissinum) is lower, which contrasts to the high DPPH radical scavenging profi le obtained in the essential oil of Ocimum canum (Selvi et al., 2015) . This substantiates claims of some studies that crude plant extracts possesses greater antioxidant properties compared to fractionated extract of the same plant.
Hydroxyl radicals react with polyunsaturated fatty acids in the cell membrane (phospholipids) and consequently causes damage to the cell (Halliwel and Gutteridge, 1981) . The hydroxyl radical scavenging activity of bitter leaf, water leaf, African spinach, and jute leaf respectively were good compared to L-ascorbic acid, while scent leaf had the least hydroxyl radical scavenging activity (Table 2, Fig. 2) . The determination of total antioxidant capacity was based on the reduction of Mo (VI) to Mo (V) by the samples. African spinach has the least total antioxidant capacity (227.39 ±7.25 μg/mL), lower than that of L-ascorbic acid (188.29 ±7.48 μg/mL). However, the other vegetables assessed in this study have a higher total antioxidant capacity than L-ascorbic acid (Table 2, Fig. 3) .
Principal component analysis (PCA) has been proved to provide an in-depth approach to study correlation and variation among species with respect to traits (variables) (Colonna et al., 2016) . A two dimensional principal component analysis (PCA) was performed in order to identify and summarise behavioural clusters among phytochemical and antioxidant profi les across the vegetable species. The PC1 and PC2 explained 71.25% and 27.13% of the variance respectively. PC1 was positively and signifi cantly correlated with DPPH, ACC, and TAC, while PC2 was positively and signifi cantly correlated with TFC (Table 3). The loading plot (Fig. 4A) shows a relationship between phytochemicals and the antioxidant profi les of the vegetables. Variables with angle <90° between them are strongly correlated, while those with angle >90° are weakly correlated or strong in variance. For example, TPC was strongly correlated with TFC and OH. Likewise, ACC was strongly correlated with DPPH and TAC. However, TAC, DPPH and ACC were not correlated with TFC, TPC and OH (Fig. 4A) . The component object score plots (Fig. 4B ) discriminate the vegetable species into four quadrants. The positive side of PC1 in the lower right quadrant included African spinach and bitter leaf, which were characterised by low total antioxidant capacities and among phytochemicals and antioxidant properties of these vegetables. This analysis provided the ability to score vegetable species based on their compositions and potentials.
CONCLUSIONS
Water leaf and jute leaf possess high fl avonoid content. The highest phenolic content was found in scent leaf, but it has a lower fl avonoid content compared to those mentioned earlier. African spinach possesses the highest anthocyanin content. African spinach and bitter leaf have low DPPH radical and phosphomolybdate scavenging eff ects, which can be attributed to their low phenolic and fl avonoid contents compared to the other vegetables. African spinach, bitter leaf, jute leaf and water leaf exhibit good hydroxyl radical scavenging properties. However, scent leaf possesses a low hydroxyl radical scavenging profi le, despite a high phenolic content. This shows that some phenolic compounds in this vegetable may have low antioxidant potentials. low DPPH radical scavenging activities (i.e. they have high EC 50 value). On the lower left side of PC1 is the scent leaf, which is characterised by high phenolic content and low hydroxyl radical scavenging activity. At the midline of the upper quadrants are water leaf and jute leaf, which were characterised by high fl avonoid content. Jute leaf and water leaf also have high phenolic content, and possess high DPPH radical scavenging activities, high hydroxyl radical scavenging activities and high total antioxidant capacities. However, scent leaf, with the highest phenolic content among these vegetables, has low hydroxyl radical scavenging activity. This indicates that some phenolic compounds in scent leaf may have lower affi nity to scavenge hydroxyl radicals. Compared to the aforementioned vegetables, bitter leaf and African spinach have lower phenolic and fl avonoid contents, which relates their lower DPPH scavenging activity and total antioxidant capacities. However, they possess a higher anthocyanin content and higher hydroxyl radical scavenging activities. In this study, the PCA provided an in-depth understanding of correlation and variability
